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1. 


x*  nrcapwo.aoy 

This  is  & teohnioal  report  based  on  investigations  origin* tad 
undar  OHR  projaot  N7*onr-454  /2  and  oonplatad  under  projeot  H-cnr-404 

a 

(02).  Tha  investigation  dealt  with  the  synthesis  and  study  of 
several  rare  earth  aluninatas.  huch  has  bean  previously  reported  on 
the  general  growth  tochnicue  used  (^ee  Teohnieal  Reports  I *.  II  under 
N7*onr  454/2).  Therefore,  for  the  most  part,  this  report  will  deal 
with  the  properties  of  those  aluminates. 

Rare  earth  ol e-ienta  occupy  a unique  position  in  the  Periodic 

System.  2y  moans  oi  the  well  known  lanthanide  contract*  on, the  ions 

of  the  series  of  elements  beginning  with  lanthanum  and  ending  with 

lutecium  undergo  a regular  decrease  m aiz«  with  increasing  atomic 

number.  The  reason  for  this  decroase  is  apparent  when  the  electronic 

structure  of  the  rare  earth  atoms  is  examined.  With  few  exceptions, 

the  normal  progression  for  elements  increasing  in  atomic  number 

consists  of  the  addition  of  successive  electrons  to  tho  outermost 

electron  sholl.1  starting  with  the  rare  earths,  however, this  trend 

is  halted,  and  aubsequont  electrons  are  generally  added  to  the  4* 

orbital  in  the  N sholl.  The  0 and  P a holla  remain  constant  in  their 

electronic  structure,  and  having  correspondingly  incroaaod  the 

nuslear  charge, tho  result  is  a progressive  decroase  in  the  ionic 

radii.  We  may  show  tho  manifestations  of  this  lop tonic  behavior  by 

2 ♦ 

examining  the  Ionic  radii  of  tho  raro  oar  tha . starting  with  La  3 

which  baa  a radius  of  1.22  A,  wo  proceed  to  Co *3  of  radius  1.18  A, 
Pr4^  of  1,16  A,  Hd4^  of  1.15  A,  etc., to  Lu4^  of  radius  0.99  A. 
Further,  since  the  outermost  structure,  which  determines  the  valonoe, 
remains  constant,  the  raro  earths  are  extremely  similar  in  ohemlcal 
nature. 

By  synthesizing  single  crystals  of  a sorlos  of  rare  earth 
compounds , the  offset  of  this  varying  ionic  radius  on  the  physical 
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properties,  with  eonstsnt  valence , could  be  studied*  It  is  on 
single  crystals  that  fundamental  measurements  can  best  be  made* 
unaffected  by  grain  boundaries,  extraneous  phases,  and  other 
discontinuities  found  in  samplos  of  the  ceramic  typo, 

Tho  rare  earth  compounds  chosen  woro  of  the  ABO-j  type  in  which 
A is  tho  raro  earth  olonont,  3 is  aluminum,  and  0,  oxygon.  By  this 
choice  it  was  also  hoped  to  uncovor  soveral  interesting  faots  due  to 
the  structure  of  the  compound.  Tho  structure  of  LtAlOy  had  boon 
determined  by  V.  1».  Coldsohmidt  as  being  of  the  perovskito  typo,^ 

In  light  of  tho  rooent  work  on  BaTiO^  and  other  porovakito- 

U-6 

structure  forroeleotrics,  it  a corns  reasonable  that  ABO3  compounds 
of  the  rare  oarth3  might  also  possoss  a forroelectrio  nature. 

The  ohoico  of  the  rare  earth  elements  to  be  studied  was 
governed  by  their  availability.  Lanthanum,  oorium,  and  neodymium 
salta  are  obtainable  in  sufficient  quantity  and  dosirod  purity  azwl 
were  therefore  utilizod. 

II.  0RQ..TH  PROCESS 

A.  Equipment  and  Growth  Technique 

Tho  Voroouil,  or  flamo  fusion  procoss  was  used  to  grow  these 
refractory  confounds.  Tho  proceaa,  described  in  previous 
publications,  consists  of  <*  fooding  dovice,  burner,  loworing  ap- 
paratus and  suitable  gas  controls.  While  several  typos  of  burners 
are  available,  tho  one  used  chiofly  is  cssontially  a wvifiod 
/orneull  typo,  consisting  of  an  outer  tube  carrying  the  hydrogon  and 
an  lnnor  tube  carrying  the  oxygen  and  feed  material. 

The  technique  of  forming  crystalline  boulea  consists  of  shaking 
the  finely  powdered  food  into  tho  oxygon  stream  which,  with  the 
hydrogen,  is  ignited  at  the  bumor  tip,  A cono-shaped  mound  of 
■intorod  material  is  formed,  the  point  of  which,  whan  sufficiently 
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small , la  molted  and  then  crystallisation  begins  to  tako  olaoe.  The 
resulting  foot  is  allowed  to  grow  upward  for  a distance  and  is  then 
widened  cut  into  tho  boulo  propor. 

A more  detailod  description  can  be  found  in  tho  literature 

7-10 

and  in  the  previous  tochnical  reports.  ' 

B.  Pood  Material 

Tho  feed  material  for  flamo  fuaion  growth  is  usually  prepared 
from  extrorauly  puro  oxidos,  carbonatos,  nitrates,  alums  or  gels, 
thoroughly  mixed  and  calcined  to  a suitable  temperature . Tho 
production  of  fwed  with  the  desirod  homogeneity,  purity,  and 
physical  characteristics  is  ono  of  tho  most  difficult  problems  of 
the  project. 

For  this  investigation  various  double  salts  of  the  raro  earths 
were  used  which,  upon  calcination,  yioldod  the  desirod  oxides.  The 
noceasary  weights  of  tho  salts,  having  been  calculatod,  wore  wei^iod 
and  intimately  mixed,  The  mlxturo  was  then  placed  into  a covered 
fused  silica  dish  and  calcinod  through  a time -temperature  cyclo 
depending  upon  tho  composition.  The  following  was  tho  choice  of 
raru  earth  double  salts  and  tho  rospootivc  optimum  calcination 
treatments; 

1.  LaAlOa  - the  source  of  lanthanum  was  the  ammonium  nitrate 

of  composition  La(H0^  .l+HgO.  This  salt,  of  99. purity, 

was  supplied  by  tho  Lindsay  Light  L Chomlcal  Company  of  West 
Chicago,  Illinois,  The  optimum  calcination  for  this  compound  con- 
sisted of  heating  to  2200°?  for  1 hr, 

2,  CeAlOj  - tho  cerium  component  was  obtalnod  from  ammonium 
hexanitrato  cerato,  2HH^N0j  .CotNOj  )^,  which  was  of  99  > purity,  Tho 
supplier  of  this  salt,  the  G.  Froderick  Smith  Chemical  Company  of 
Columbus,  Ohio,  specializes  in  puro  corium  chemicals  end  designates 
this  grado  of  sample  as  "Standard  or  .loferonco  Purity”.  By 


calcining  to  205  0°P  for  l-l/2  hr*. , food  with  tho  boat  poaaiblo 
proportioa  was  attained. 

3.  HdAlOi  - tho  ammonium  nitrato.  2KH^N0^,Nd(N03 ) waa 
uaod  as  tho  aouroe  of  neodymium.  Tho  99/*  pure  a alt  was  alao 
purchased  from  tho  Lindsay  Light  Ji  Chemical  Company.  The  calcination 
procodurc  for  this  compound  oonaiatod  of  heating  to  2000*F  for  a 
period  of  l*l/2  hr a. 

In  tho  series  of  throe  compounds,  the  ammonium  alum. 

(NH^JjSCii  .Alg (SOj^) 3,21^20.  waa  usod  aa  tho  source  of  Al2(>3.  The 
high  purity  product  (99.8>  puro)  waa  supplied  by  Bakor  & Adamson. 
General  Chemical  Division  of  the  Alliod  Chemical  & Dye  Corporation. 

New  York.  It  proved  to  be  of  sufficient  purity  to  allow  the  growth 
of  colorloas  corundum  boules.  a relatively  strict  criterion. 

C.  Lamplo  Growth 

Tho  growth  of  tho  lanthanum  and  neodymium  aluminatoa  offorod 
no  unduo  difficulties . In  the  caao  of  tho  cerium  alumina tc.  howover. 
a difficulty  that  can  probably  bo  ascribed  to  the  dual  valoncy  of 
coriua  manifoat-d  itaoif.  The  boules  porsiatod  in  craoklng  and  when 
cooled  by  tho  normal  tochniquo  of  instantly  cutting  off  the  flame  .were 
found  to  bo  covorcd  with  a layer  of  scum.  If.  howovor.  the  boulo 
wore  cooled  by  slowly  decreasing  tho  oxygen  contont  of  tho  flame, 
tho  scum  absented  itself  from  the  uppor  portions  of  tho  boulo.  An 
oxperimont  was  performed  in  whloh  the  samo  food  was  passed  through 
the  oxidizing  trieone  burner  of  tho  typo  used  for  the  growth  of 
rutile.  Tho  result  was  a boulo  which  in  no  way  resomblod  tho  oorlum 
aluminatu  crystals  formed  with  tho  normal  Vornouil  burner.  Tho  ontiro 
boulo  aurfaoe  as  woll  as  tho  oono  appeared  powdory  and  was  of  a straw 
color,  as  opposod  to  tho  transparent  lime -green  crystals  grown 
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normally . 

A ohomioal  analysis*  of  tho  boulos  coincided  with  tho  com- 
position as  proparod  to  within  0,5,*  indicating  nogligiblo,  if  any, 
loss  by  vaporization, 

III.  CRYSTAL  STRUCTURE 

Goldschmidt,  in  hia  monumental  sorios  of  contributions, 
dotormined  the  structure  of  LaAlC^  to  bo  of  thu  perovskite  typ 
(Figuro  1),  Thu  porovakite  atruoturs  takes  its  name  from  the  mineral 
perovskito,  a calcium  tlt&nato,  CaTiO^.  As  deaoribed  in 
Stmkturboricht,  tho  structure  is  cubic  with  ono  formula  wolgit 
per  unit  coll.  In  funeral,  oompounda  of  tho  porovakite  typo  havo 
tho  formula  ABO^;  in  this  investigation,  A * rare  oar th  ion, 

B * aluminum  ion,  and  0 * oxygon  ion, 

Fowdcr  pattomo  wore  mado  of  crushed  crystalline  bouloa  of  tho 
aerlos  and  the  results  oxaminod.  A Noroloo  recording  Ooigor-Mullor 
typo  spootromotor  umploying  niokol-filtored  ooppor  K oC  radiation 
was  vised  in  obtaining  the  pattoms,  Tho  rosults  may  be  seen  in 
Figure  2. 

Tho  data  obtained  for  LaAlO^  correspond  oxaotly  with  tho  data 
given  by  Goldsohmidt,  Analogous  patterns  and  structures  arc  obtainod 
for  C0AIO3  and  NdAlOj, 

By  moans  of  tho  geometric  relationship  betvoon  the  oube  edgo 
and  the  orys tall ©graphic  planes,  wu  may  calculate  the  various 
diatancos  corresponding  to  thu  respective  plane  separations,  Tho 
equation  for  cubio  crystals  is  as  follows: 


fh2*k2+l2 


«Kuottol  Labors torlo a,  Arlington,  How  Jorsoy, 
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Figure  1 

REIATI YE  10VIC  POSITIONS  IV  IXVtSTI  IATKD 
PESO  VS  KITE  STRUCTURE 
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- nature  of  tho  poroy.klto  struoturo  1.  such  that  a certain 
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considerations.  00  Soomotric 

tho  Ulrr  f°r  l4'leh  t°l0r“C0  r,Ct°r  18  1—  ‘o  unit, 

O ou  le  structure  prevails.  As  tho  tolerance  fa.  tor  do  via  La 

2"  — *"  — -cur.  Oena^ontl,  I 

. " f°-  th“  ln'°,UcaUtl  '“pounds  were  calculated 

-ins  Goldschmidt* a ionic  radii  and  the  eguatlon 
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WhCr°  t * tolerance  factor 

**•  Rb  and  R0  ■=  ionic  radii  of  a bb^o 
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Table  Z 


imi 

hSUSiiol 

LaA103 

CaAlO* 

mm 

100 

3.78 

3.78 

3.76 

3.73 

110 

2.68 

2.66 

2.66 

2.64 

111 

2.18 

2,18 

2.17 

2.16 

200 

1.89 

1*89 

1.68 

1.87 

210 

1.69 

1.69 

1.68 

1.67 

211 

1.54 

1.54 

1.53 

1.52 

220 

1.34 

1.34 

1.33 

1.32 

221 

300 

1.26 

1.26 

1.25 

1.24 

310 

1.20 

1.20 

1.19 

1.18 

LoAlO^(G)  - Golds chnidt  data 

Since  the  ionic  radii  aru  siren  for  a coordination  number  of 
6t  and  the  radius  rarios  somewhat  with  tho  coordination  numbor, 
tho  ionic  radius  of  A mast  be  corrected  for  its  coordination 
nunbvr  which  is  12,  Tho  correction  factor  used  in  the  following 
calculations  was  obtained  from  Paullng.l4 

A,  To lo ranee  Paotors 
1,  LeAlO 

t«  (1.30+1 .32) 


* 0.985 
2.  C0AIO3 

t • (1.26+1.32) 


V 


a 


^ -V'  v vr. 


<-■ 





3.  MdAl03 
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As  a result  of  tho  values  obtained  for  the  toloranco 
faotors,  it  was  folt  thst  more  refined  A-ray  data  would  bo  in 
order.  Slight  deviations  from  the  cubic  system  indicatod  by  tho so 
toloranco  faotors  could  possibly  tho re by  bo  noasurod  and  tho 
atruoturoa  more  closely  dofinod, 

Tho  data  of  Tabic  II t corresponding  to  a rofinomont  of 
Figure  2 arc  tho  result  of  measurements  made  at  tho  Squior  Signal 
Corps  -aboratorios  of  Fort  Lonmouth  through  tho  courtoay  of 
Dr.  A.  2.  do  arottcvillo. 

By  thoso  noro  aoourato  measurements,  LoAlO^  is  soon  to  bo 
truly  cubic,  whuroaa  CoAlO^  and  NdAlO^  aro  tetragonal,  tho  o/a 
ratios  boing  1.0001  and  1.006  respectively. 

B.  Discussion 

fc>.  2.  Hogaw,  1-  in  hor  discussion  of  the  criteria  for  tho 
formation  of  struoturoa  different  from  the  ideal  cubic,  shows  that 
the  toloranco  faotor  is  a rough  suidc.  That  is,  tho  porovslcltc 
structure  is  stable  with  ”t“  values  groator  than  0.60.  Having 
observed  cubic  structures  with  *'t"  values  as  low  as  0.91,  a postulate 
was  sot  up  rolating  tho  cubic  structure  to  the  B-0  and  A-0  distances 
and  the  radius  sums , rather  than  tho  toloranco  faotors.  It  was  shown 
that  in  tho  cubic  struoturus,  tho  B-0  distonoo  is  slightly  less 
than,  and  the  ..-0  distance  slightly  greater  than,  the  sum  of  tho 
ionic  radii.  Upon  these  considerations,  all  tho  roro  earth 
eliminates  investigated  may  bo  shown  to  bo  oubie.  Tho  rolativoly 


11. 

minute  variation  from  cubid  determined  by  mean*  of  the  X-ray 
would  not  datraot  from  the  Kegav  poetulation.  Rather  it  may 
be  considered  that  the  compounds  are,  for  all  practical  purpoaeo 
in  the  subsequent  measurement  of  physical  properties,  cubic  in 
nature. 


Table  II 

X-RAY  DATA  FOR  RARE  EARTII  ALUI  JltATRR 
DETERMINED  BY  DR.  A.  E.  DE  BRETTEV1LLE 


hKl 

LaAlO- 

| CjAIOj 

IdA103 

100 

3.774 

3.746 

3.733 

110 

2.660 

2.651 

2,641 

111 

2.174 

2.170 

2.163 

200 

1.883 

1.881* 

1.874 

210 

1.686 

1.687 

1.672 

211 

1.539 

1.538 

oi. 

j-1.532 

dC 

2~1*525 

220 

1.334 

1.333 

l-i.329 

2-1.325 

300 

221 

1.260 

1.257 

< 

< 

,-1.251 

J-1.246 

310 

1.195 

<.  I*1 .199 
< 2'1-193 

1.186 

IV. 

HELTIHO  POINT 

In  order  to  learn  the  melting  point  of  the  series  of 
alumina tes , it  .ms  found  necessary  to  construct  a furnace 


p 


V 


, ^ * V 

. I »*■ 
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capable  of  attaining  toraporatures  of  tho  ordor  of  2000°C* 

An  induo t ion  typo  furnaoo  was  dooidod  Upon,  tho  souroo  of  power 
being  a Vacuum*- tubo  sonora tor  set  manufactured  by  tho  ooiontlfio 
Elootrio  Company  of  Oarfiold,  How  Jorscy,  This  high  froquonoy 
gonorator  has  an  output  or  10  13/  in  tho  rangu  200  to  600  KG . 

Tho  fumaoo  oonsists  of  an  induction  eoll,  graphito  susooptor,  and 
appropriate  insulation,  Samp loo  wore  prepared  by  modifying 
V.  Wartenbergo  mothod.  Utilising  an  optieal  lover  mirror, 
tonperaturo  measurements  wore  mado  with  an  optieal  pyrossotor.  Tho 
moan  molting  points  of  l&nthonlum,  eorium,  and  noodymiuu  olisalnate 
wore  dotorminod  to  bo  1917°C.,  201 7°C,  and  20*>5°C,  roapeotively. 
Tho  details  of  kiln  construction,  sample  properation,  furnace 
calibration,  and  tho  calculations  usod  will  bo  fully  roported  in  a 
sepomto  technical  report  in  the  near  future. 


V.  REFRACTIVE  IKDEX 


In  do tu mining  tho  fundamental  optical  proporty  (tho  refractive 
indox)  of  the  crystals  under  study,  tho  prooodvre  normally  would 
consist  of  wxaminxng  crystal  grains  by  moans  of  tho  petrographic 
micros copo.  Tho  immersion  liquids  usually  employed,  however,  wore 


found  to  be  of  too  low  a rofraotivo  indox  to  bo  useful.  Somo  idoa 


of  tho  magnitude  of  rofraotivo  indox  to  bo  unoovorod  was  gained 
using  tho  empirical  relationship  of  Gladstono  and  Dalo  1^a  end  tho 
apecifio  rofraotivo  energies  as  glvon  in  Larson  and  Berman.1^ 
According  to  Gladstone  and  Dalo,  thoro  exists  a relationship,  un- 
changed by  toaporaturo,  botwoon  tho  rofraetivu  indox,  density,  and 
spooifie  rofraotivo  onorgy  of  a substance.  This  relationship  is 
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*•  follows: 


T*  “ K (4) 

Whar0  n * “o&n  rofraotivo  Indox 

d “ density 

K * •Pt°lflo  refraotivo  onorgy 
?urthor#  K « k,  P»  ♦ v p 

•poolrio  rofrnetl  ^ 2 I&J  * Wh°r°  “n  P„  or.  the 

P.  1«.  rofta.tL.  on.rgto.  M votgbt  porco„t.  ^ ^ 

or  oxide  components  of  the  substance.  ^ 

Th.  oomponont  .poem,  rofr.ouvo  onoPglo.  tubulated  In 

rr  “°r“ °nd  * — - 

om  ..  Valuce  for  "**  uro  u..ort.dly  In  agro^t  wltUn  * 

•'  - — » >.  - 

and  o lT  Al2<>”  La2°J’  "*  C°2°3  « *"•  « 0.1,3.  0.149. 

. . roupoo t lvoly,  LuAlO,  con.Lt.  or  23.83#  AlgO  >nd  76  X7# 

2 3 ; CoA1°*  oontaln.  23.67#  A 10,  and  76  33#  co  \ , ‘ 

"k"  fo*.  rm  a_  2~  ' C^O,.  A waluo  of 

k for  ITD2°3  not  jiven. 

i'or  LoA103,  then,  by  equation  (4). 

^ * *4**)  * ^0•149,  (0*762>  ♦ (0.193)  (0.238) 

"il  * K * 0.160 

°39 

n-1  * (0.160)  (6.59) 
n * 1 ♦ 1.054 
n * sLtHS. 


mkJr  ifiT 
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Though  tho  empirical  Gladstone  and  Dalo  formula  vai 
employed  to  gain  some  idoa  of  tho  rofraotlvo  index  to  bo  on- 


oountorod,  the  theoretically  corroot  Lorentr-Loronr  relation  oould 
havu  boon  used  oqually  as  woll.  Consequently,  two  notbods  of 
attack  woro  considorod;  nomoly,  immoral on  nolts  and  tho  preparation 
of  crystal  prisms.  A preliminary  investigation  of  melts  ahowod  them 
to  bo  rolativoly  difficult  to  preparo  homogeneously,  os  woll  as 
possessing  lnoroasod  opacity  with  inoroasing  refractive  indox. 
Furthermore,  once  a grain  la  identified  with  a molt  as  to  liko 
index,  it  beoasms  nooossary  to  prepare  a orism  of  tho  molt  and 
moasuro  Its  refrcctivo  index  on  a spectrometer.  Rather  than 
proparo  a Berios  of  molta,  ttoioh  would  bo  nocoasary  for  oaso  of 
operation,  it  was  docidod  to  proeood  with  tho  preparation  of  crystal 


prisms  since  sultablo  samplos  woro  availablo. 


A.  Technique  and  ocmple  freperatlon 


A Gealap  facoting  devico,  of  the  typo  commonly  usod  by 
lapidaries,  was  procured  for  tho  purpose  of  grinding  the  prism 
samples.  Tho  devico  consists  of  a vertical  standrod  which  is 
mounted  on  the  lap  housing  /parallel  to  the  lap  axis).  An  engravod 
quadrant  rides  on  the  standrod  and  indicates  tho  angle  botwoon  tho 
dop  nrm  md  the  standrod.  The  dop  stick,  to  which  the  crystal  la 
comen  tod,  is  ohuckod  into  tho  dop  am.  Tho  dop  arm  also  is  provldod 
with  c scalo  on&bllng  r.  crystal  foco  to  be  act  in  any  one  of  thirty* 
two  positions  radially  about  tho  axis  of  the  arm.  This  lattor 
feature  was  not  taployod. 

The  angle  which  tho  prism  faces  should  contain  for  optimum 
conditions  of  accuracy  and  light  transmission  when  employing  tho 
method  of  minimum  deviation  depends  upon  aovoral  factors.  *-7. 
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Foremost  among  thoso  factors  ore  tho  refractive  index  and  optical 
danalty  of  the  natorlal . Though  the  angle  should  bo  as  large  aa 
poaslblo  for  groatost  acouraey,  in  practloc  such  Is  not  tho  ooso, 
for  the  transmission  of  the  light  must  bo  oonsldorod.  As  a result, 
anglos  are  used  which  are  considerably  lower  than  thoso  indicated. 
All  things  oonsldorod,  a prism  angle  of  30°  was  dooldod  upon* 

Utilising  tho  facotlng  equlpaont  described  above.  It  was 
relatively  simple  to  grind  tho  soraplo  to  tho  desired  angular 
relationship  and  to  obtain  tho  noooseary  polish* 

A spectrometer  was  made  available  by  the  Physics  Department 
of  tho  University*  The  particular  lnstrumont  usod  was  manufactured 
by  tho  Socle  to*  Oonevolsc  D'lnstrusonts  dc  Physique*  of  Gone*  i, 
Swltscrland,  By  means  of  a vernier,  tho  angular  soalo  could  bo 
read  to  ten  soconds.  A t**>  circle  goniometer  was  an  lntogral  part 
of  the  spoet  rente  tor  table  and  proved  indlsponsablc  in  aligning  tho 
prism* 

B.  Keasuroments 

A do  termination  of  rofractivo  indox  by  tho  mothod  of 
deviation  Involves  the  measurement  of  two  angles*  These  two  angles 
a ro  the  prism  englo  and  the  angle  of  minimum  deviation  of  the 
rofraoted  light*  In  order  to  spoolfy  tho  refractive  indox, 
monochromatic  light  must  be  usod,  for  rcfraetlvo  Index  varies  with 
tho  wavelength*  Upon  examining  the  transmission  data  for  the 
crystals.  It  was  found  that  KdAlOj  absorbed  quite  strongly  in  many 
Regions  of  the  visible  speotrus.  In  the  region  of  the  sodium  D 
line,  the  wavelergth  most  of  ton  used  for  index  determinations* 
absorption  was  almost  oomplote,  » father  than  report  tho  Indox  for 
dissimilar  wavelengths,  tho  mercury  green  line  was  chosen  for  uso  In 
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this  investigation.  A moroury  arc  lamp  was  amploycd  with  a Uratton 
moroury  stood  filter  Wo.  62  to  isolato  thw  lino  at  5460.? 

Tho  prism  anglo,  A,  was  maasurod  by  observing  the  position  of 
the  vertical  slit  as  rofleotod  from  eaoh  faoe.  If  tho  prism  odgo  is 
directed  toward  tho  collimator,  tho  beam  of  light  is  split,  a portion 
boing  roflooted  from  eaoh  faoo.  This  roflootion  position  was  noted 
three  times  alternately  for  eaoh  faoo.  Tho  differonoe  be two on  tho 
moan  of  tho  readings  for  oaoh  faoe  represents  twico  tho  prism  angle. 

Having  determined  the  prism  anglo,  the  angle  of  minimum 
deviation  was  observod  as  follows.  By  rotating  the  spectrometer 
table,  a prism  faoo  was  presented  to  grating  incident  light  from 
thw  collimator.  Tho  devictod  ray  was  observod  and  tho  position  of 
minimum  dov.ation  notod,  tho  table  and  toloscopo  being  displaood  nnd 
readjusted  between  eaoh  reading.  Th±s  mean  position  of  minimum 
deviation  forms  one  side  of  the  angle  being  measured.  By  moving  the 
tolesoope  to  e position  directly  opposed  to  the  collimator,  the  cam- 
ple to  angle  of  minimum  deviation  ie  determined.  All  the  data  are 
now  obtained  for  calculating  the  refraotlve  index  from  the 
relationship 


n • Sin  i/2  (A*  f ) 

51n  in  i 


where  n **  refractive  Index 

A * prism  angle 

? * angle  of  minimum  deviation 
C.  *4ata  and  Calculations 
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1.  LaA103 

a.  Prism  angle. A 

a b 

faoe  (1)  310°35»00"  310o35,00,‘ 

faoo  (2)  250°4»30"  250c4'4O* 


£ Kean 

310°36»00"  31Q°3  5»2<P 

250°4'30*'  250°4»33* 


O 


t v,  tVi 


310°35*20"  - 2$0°4 * 33"  - 60°30»47"  « 2a 
A ■ 30°l5t21i" 

b.  Anale  of  Minimum  ifrvlatl an.  T 


234°  13*30"  -15' 00"  -15»00"  -16*00* 

2.  £ Mean 

-14*30"  -10*30"  2340Ui*gSw 

Telescope  position  **  269°20'00" 

Angle  of  minimum  deviation  « 269°20*00"  - 234°14»55*» 

r . 3SVS5" 

c.  Refractive  Index,  n 
n « Sin  2/2  (A*  ) 

« a in  1/2  <30°15*21i"  4 


2.068 


2.  CeA103 


a.  Prlaa  Angle.  A 


Mean 


face  (1)  299c53'30"  299°53*20"  299°53  ’40"  299°$3*^o*» 

face  (2)  238°58*00"  238<>58*00"  238°58^00"  238°0fl*OO" 

299°53'30"  - 238°58»00*  « 60°53»3<r*  « 2a 
A « }0°27'U5u 

b-.  Angle  of  Klniwwww  Deviation-  T 


36*00^  35*30"  36*00"  37*00" 


Mean 


36*30"  35' 50"  233°36*8" 

Telescope  position  * 269°20'00" 


T 


.Jfe 
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Angle  of  ninlnun  deviation  ■ 269°20'00M  - 233°36*8" 

^ « 35°43*52n 

c.  Refractive  Index,  n 


n ■ 2.079 

IU-MIQ3 

a,  prism  AivUs.  A 

a b £ Mean 

face  (1)  321°2'20"  321°2'20"  321°2*20"  321°2»20" 

face  (20  262°29'0C"  262°30'0C’‘  262°29’30"  262°29*30" 

321°2'20"  - 262°29'30 " = 5Q°32'30"  « 2A 

A = 29°16i2$11 

b.  An;Ue  of  Minimum  Deviation. 

a b £ d 

303°  27'10"  26*00“  27,U0U  27' 10" 

£ f Mean 

26* 30“  26*10"  303°26'47" 

Telescope  position  * 269° 20* 00" 

Ansle  of  minima  deviation  * 303°26'47,‘  ” 269 °20*00H 

^ - 34°6'47* 

0.  Refractive  Index,  n 
n * 2,079 


} : 


In  view  of  tli©  presently  known  structure  of  the  rare  earth 
alumina  tec,  it  i/as  decided  to  determine  the  density  of  the  crystals 
by  calculation.  All  the  data  neoessary  for  the  calculation  are 
known,  assuming  cl  value  of  6,02  tl  10  for  Avogadro  ‘ a number. 

Table  III  has  been  constructed,  containing  the  beforementioned 
data,  uinco  the  unit  cell  contains  one  molecule,  the  molar  volume 
is  equal  to  the  product  of  ^vogadro's  number  and  the  volume  of  the 
unit  cell.  The  unit  cell  volume  was  obtained  by  cubing  the  value 
for  the  respective  unit  cell  edge.  The  slight  departure  from  cubic 
symmetry  reported  under  "Crystal  Structure"  is  of  snail  enough 
Consequenco  to  leavo  these  datq  unaffected. 

Table  III 


Unit  cell  edge,  £ 


LaAl03 

CeAMh 

KdA103 

3.70 

3.76 

3.73 

xlO“^ec 

54.01 

53.16 

51.90 

;./mole 

213.09 

215.11 

219.25 

* 

32.51 

32.00 

31.24 

Molar  volume,  cc  32.51  32.00  31,24 

mole 

It  is  now  a simple  natter  to  calculate  the  density  from  the 
following  relation: 

Density  “ Mass  ■ Molecular  Weight  (6) 

VoliZe  KoIa7  Voltes 


A.  Calculations 
La;.  10 
D * 213 


CeAlOJ 


HdAlOj 

D * 219.25 


6^a 
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Density  as  derived  from  X-ray  data  usually  represents  the 
upper  limit  attainable  for  that  substance.  The  density  obtained 
is  that  of  the  unit  oell  whereas  any  other  method,  i.e.  pionometrlo, 
Archimedean,  eto,,  gives  the  density  of  an  aggregate  of  unit  cells, 
binoe  the  normal  orystal  rarely,  if  ever,  consists  of  perfectly 
aligned  and  composed  unit  cells,  values  derived  from  X-ray  data 
represent  the  limit  approached  by  other  measurement  methods. 

As  an  experimental  check  on  the  reliability  of  the  data 
employed,  the  density  of  LaAlO^  was  also  determined  plcnonetrioally. 
The  mean  of  eight  determinations  on  three  samples  gave  a value  of 
6,58.  It  would  seen  that  the  calculated  values  are  reasonably  ac- 
curate , not  only  for  L&AlOa,  but  also  by  analogy  for  the  oerium  and 
neodymium  alumina  tee. 


VII.  THERMAL  EXPAHSIOM 


The  determination  of  the  thermal  expansion  of  s crystal 
normally  a21owa  the  oresenoe  of  a phase  transition  to  be  cade  known 
within  the  temperature  range  covered.  In  order  to  learn  of  the 
existence  of  polymorphous  inversions  in  any  of  the  crystals  studied, 
as  well  as  for  the  knowledge  of  the  thermal  expansion  itself, 
dilatation  data  were  obtained. 

An  interferometric  method  was  chosen,  being  more  amenable  to 
the  samples  at  hand  as  well  aa  being  oapable  of  greater  sensitivity 
and  aeeuraoy  than  other  dilatx&etrlc  methods. 

A,  Interferometer  Description 

The  interferometer  consists  of  a pair  of  fused  silica  plates, 
the  upper  one  of  which  is  polished  on  both  faces.  These  plane  faces 
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a* 

an  20 1 from  parallel  with  eaoh  other.  The  upper  surface  of  the 
lower  plate  is  likewiae  polished  and  bears  a reference  target  at 
its  center;  the  lower  aurfaoe  of  this  plate  is  unpolished  to 
eliminate  reflections,  in  use.  the  three  pyramidally  shaped  elements 
comprising  the  sample  are  equilaterally  plaoed  on  the  lower  plate. 

The  upper  plate,  with  reference  notoh  appropriately  plaoed  to  allow 
the  20 1 angle  to  act  in  de fie o ting  unwanted  reflections  away  from 
the  telescope,  is  supported  on  the  apioes  of  the  elements.  The 
result  is  two  parallel  faces  separated  by  the  known  sample  height. 
Konochromatio  illumination,  the  ‘2j.60,7  R line  of  mercury  vapor,  is 
caused  to  be  reflected  frost  the  upper  surface  of  the  lower  plate 
and  the  lower  surface  of  the  upper  plate.  If  these  two  reflected 
waves  are  m phase,  maximum  brightness  results;  if  they  are  in 
oppoaition.  there  is  no  lioht  anc  consequently  we  see  s "fringe". 

It  is  the  apparent  movement  of  these  fringes  past  s reference  line 
which  is  observed.  The  movement  is  caused  by  the  thermal  expansion 
of  the  sample  which  in  turn  causes  the  distanco  between  the  plates 
to  inoresse.  The  increase  in  distance  between  the  plates  is 
manifested  by  the  movement  of  fringes  past  a reference  line.  A 
movement  of  one  fringe  is  equal  to  one -half  the  monochromatic  wave- 
length used,  since  the  optical  path  is  twice  the  distance  between 
the  plate*,  oinco,  with  the  apparatus  at  hand,  the  experiment  is 
performed  In  air.  the  change  of  refractive  index  of  the  air  must  be 
considered  and  is  accounted  for  with  an  "air  oorreotion". 


B.  Procedure 

Suitable  samples  were  chosen  sod  fist  bases  lapped  on  each 
element,  using  the  forementioned  faceting  devioe.  The  elements  were 
then  ground  by  hand  on  abrasive  paper  to  an  approximately  pyramidal 
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•hap#  until  they  were  of  equal  height  when  measured  with  a 
micrometer  (lo.OOOl  in.)*  Jhan  this  condition  was  fulfilled,  the 
sample  was  arranged  in  the  interferoneter  and  usually  a convenient 
number  of  interference  fringes,  from  seven  to  fourteen,  were 
visible  in  the  telosoope  field. 

After  setting  up  and  aligning  the  interferometer  within  the 
furaaoe,  the  entire  sp  tern  was  allowed  to  reach  thermal  equilibrium. 
The  current  thru  the  furnaoe  and  a stop-watch  were  activated 
simultaneously.  An  approximate  3°C  rise  per  minute  was  followed 
by  adhering  to  a previously  determined  tiroe-ampere  schedule.  Lest 
any  discontinuities  in  the  expansion  go  by  unnoticed,  the  time  end 
temperature  was  recorded  for  every  fringe,  in  order  to  conserve 
the  fused  silica  interferometer  plates,  the  current  was  shut  off 
at  650°C. 

Having  previously  recorded  the  height  of  the  sample,  and 
knowing  the  wavelength  of  tue  light  being  used,  all  the  data  are 
known  for  the  calculations. 

C.  Data  and  Calculations 

The  data,  as  observed,  are  recorded  as  fringe  number  end 
temperature.  Prom  the  sample  dimensions  (LQ) , and  the  wave  length 
of  light  employed  (A),  a change  Jin  length  (4L)  la  determined  for 
each  fringe  number  (H) . [*L  — 3 To  this  value  of  Ah  is 

added  an  air  correction  (a)  to  compensate  for  the  change  in  the 
refractive  index  of  the  air  for  the  temp  era  turo  at  which  the  fringe 
la  observed.  It  is  this  sum  of  Ah  and  A (the  corrected  change  in 
length  per  unit  length)  which  is  plotted  against  the  temperature  at 
which  the  particular  fringe  is  observed* 
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For  reasons  of  convenience,  the  average  coefficient  of 
expansion  is  expressed  in  parts  per  million,  or,  as  plotted  as  the 
ordinate  of  Figure  3,  in  hundredths  of  a per  cent  (/*/em).  Due  to 
the  discontinuous  nature  of  the  expansion  of  CeAl(>3  and  the  slight 
Increase  in  coefficient  with  increasing  temperature  in  the  other  two 
compounds,  a mean  coefficient  would  not  be  as  meaningful  as  the 
graph.  However,  for  purposes  of  general  comparison,  the  mean  co- 
efficient of  thermal  expansion  for  LaAl(>3  and  UdAl(h  from  room 
temperature  to  650°C  is  10,66  and  9.70  times  io’6/°c,  respectively. 
For  the  form  of  C0AIO3  prevailing  above  lf>0°C,  the  coefficient  is 
9,10 'X  10  b/°C  between  1$0  and  654°C . 

Discussion 

Since  the  expansion  of  CeAl03  was  found  to  be  discontinuous, 
the  sample  was  examined  several  times  at  lower  heating  rates.  There 
was  no  difference  noted  m any  of  the  successive  runs  with  respect 
to  the  location  or  amplitude  of  the  discontinuity. 

In  view  of  the  attainability  of  temperatures  involved,  an 
attempt  was  made  to  learn  the  nature  of  the  high  temperature  form. 

An  electric  heater  coil  was  mounted  to  radiate  directly  on  the 
sample  holder  of  the  previously  mentioned  X-ray  unit.  Ihe 
temperature  of  the  sample  holder  was  adjusted  by  means  of  a 
Powers tat  to  remain  at  about  95°C.  The  X-ray  powder  pattern  obtained 
did  not  vary  from  the  room  temperature  pattern  indicating  that  the 
inversion  was  not  sufficiently  drastic  to  visibly  alter  the 
structure,  A more  accurate  camera  would  probably  show  the  structure 
change,  however. 
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VIZI.  SPECTRAL  TRANSMITTANCE 

The  compounds  investigated  display  interesting  differences 
in  oolor.  That  of  lanthanum  is  orange,  oeriun  is  green,  and 
neodymium,  brown  violet.  In  order  to  more  closely  desoribe  the 
colors  of  the  orystals,  plates  were  prepared  and  speotral  trans- 
mittance data  obtained  using  a spectrophotometer.  A Beckman  Model 
DC  Photoeleotrio  Quarts  Spectrophotometer  was  used  in  this  in- 
vestigation in  the  speotral  range  from  380  to  770  millimicrona. 
Transmittanoe  readings  were  made  every  two  millimicrona  in  the 
region  from  380  to  600  millimicrons.  Prom  600  to  770  millimicrons, 
observations  were  made  ever;’  five  millimicrona . These  relatively 
small  increments  were  found  neoessary  in  order  that  no  absorption 
bands  be  overlooked. 

A.  Sampla  Preparation 

The  samples  were  prepared  by  lapping  suitable  boule  fragments 
to  two  approximately  piano  and  parallel  faces.  This  operation  was 
accomplished  with  the  aid  of  the  faceting  device  described  pre- 
viously in  the  section  on  '' Refractive  Index", 

B,  Procedure 

The  sample  holder  for  transmission  measurements  requires  an 
exposed  sample  area  of  approximately  l/4  x 3/4  inches.  Sinoe  it 
would  be  extremely  difficult  to  prepare  samples  of  that  sise  in 
suitable  quality,  an  investigation  was  undertaken  to  compare 
speotral  sensitivity  with  sample  ares. 

A sample  of  AKLOe  glass  7/32  in.  thick,  was  observed,  first 
with  the  normal  area  exposed,  and  then  with  the  area  decreased  to 
7/3 2 x 5/l6  in.  The  two  curves  were  identical,  the  ourve  obtained 
from  the  smaller  area  being  approximately  l£  lower  in  transmittanoe 


* Blue  Ridge  Glass  Corp.,  Kingsport,  Tennessee. 


(Figure  4).  When  the  normal  area  was  employed  but  the  glass 
aur faces  were  roughened  with  150  meah  S 1C , the  sane  shape  of 
transmittance  curve  was  obtained*  On  obaorving  this  roughened 
sample  with  an  exposed  area  of  l/l(>  x l/l6  in.,  the  curve  showed 
the  same  general  form  as  with  the  clear  sample  using  the  normally 
exposed  area.  The  transmittance  was  greatly  decreased,  however. 

In  view  of  this  sensitivity  even  with  a small  sample  area, 
reasonably  accurate  data  oould  be  expected  on  available  crystal 
plates*  Consequently  two  like  masks  were  prepared,  one  to  be  used 
as  the  standard  blank  and  the  other  to  support  the  sample.  The 
masks  were  clamped  together  and  a l/8  inch  diameter  hole  was  drilled 
thru  them.  In  that  way,  the  monochromatic  light  beam  would  strike 
both  masks  in  a like  roamer.  The  sample  was  cemented  to  one  of  the 
masks,  both  of  which  were  placed  and  spring  held  in  the  trsmsmisa ion 
oell  holder.  Data  were  then  obtained  by  following  the  standard 
operating  procedure  for  the  instrument.  The  instrument  was  also 
balanced  for  dark  current  between  each  reading. 

C.  Data 

Pig*  5,  shows  the  transmittance  values  for  these  single 
crystal  samples.  The  sample  thicknesses  were  ,03v4»  .0243,  and 
,0114.5  inches,  respectively,  for  the  lanthanum,  cerium,  and  neodymium 
eliminates , 

D*  Discussion 

insofar  as  the  color  of  the  investigated  compounds  is  concerned, 
little  can  be  said  regarding  any  preliminary  predictions.  Color  in 
rare  earth  salts  is  due  primarily  to  the  incomplete  4 ? sub-shell, 
causing  characteristic  absorptions.  Such  is  the  case  with  neodymium. 
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where  the  absorption  bends  are  markedly  apparent  over  the  risible 
spectrum.  Lanthanum  and  cerium  hare  absorption  bands,  for  the  moat 
part,  in  the  ultraviolet.  This  strong  absorption  of  cerixaa  in  the 
ultraviolet  finds  application  in  the  manufacture  of  eye~protectire 
glasses.  In  the  visible  range  of  the  speotrum,  however,  cerium  and 
lanthanum  display  little  of  the  typical  absorption  of  neodymium.  It 
la  interesting  to  note  that  lanthanum  has  rarely,  if  ever,  been 
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described  as  a colorant.  It  is  possible,  as  Weyl  7 points  out, 
that  "oertain  impurities  or  accessory  constituents  often  impart 
intensive  colours  to  minerals  and  synthetio  crystals  but  not  to 
glasses."  If  lanthanum  had  been  added  xn  the  usual  small  amounts 
as  a colorant,  perhaps  the  orange  color  would  not  have  developed  in 
glaaaea  and  therefore  remain  unreported* 

a,  aasrasMt  laaaema 

Through  the  courtesy  of  Dr.  ».  E.  De  Bretteville,  arrangements 
were  made  for  the  measurement  of  the  electrical  behavior  of  the 
investigated  crystals.  In  order  to  learn  whether  or  not  the  crystals 
are  ferroelectric,  the  measurement  of  dleleotrie  constant  was  under* 
taken.  Resistance  measurements  were  also  made  on  the  same  samples, 
A.  Procedure 

Suitable  samples  were  chosen  and  lapped  to  parallel  plates 
as  previously  described.  In  order  to  allow  the  calculation  of  the 
dialeotric  constant,  the  area  of  the  samples  was  measured  using  a 
projection  microscope  fitted  with  & micrometer  stage.  The  thickness 
of  the  plates  was  measured  by  means  of  s vernier  micrometer.  Cold 
electrodes  were  evaporated  on  to  the  crystal,  the  edges  having 
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previously  been  laoquered.  After  the  eleotrodes  were  deposited, 
the  laoquer  was  dissolved  sway  leaving  the  sides  of  the  sample  free 
of  conducting  material.  Connecting  wires  were  then  soldered  to  the 
center  of  each  eleotrodo. 

The  sample  was  mounted  in  an  oven  and  dielectric  constant  and 
loss  faotor  determined  at  a froquoncy  of  one  megacycle  over  the 
temperature  rango  of  25°  to  250°C.  In  making  these  measurements , 
a Boonton  C meter*  was  used,  corrections  being  applied  for  the 
oapaoitanoe  of  the  leads  and  edgo  effects . 

Resistance  was  measured  on  the  sane  samples  using  a 20  million 
Kegohumeter.**  The  area  and  thickness  of  the  samples  having  been 
previously  measured,  the  resistivity  is  easily  calculated. 

B,  Data  and  Calculations 

The  data  observed  from  the  dielectric  measurements  are  plotted 
in  Figures  6,  7,  and  8;  resistance  data  and  the  calculated  resist' 
ivity  appear  in  Table  IV. 


Table  IV 

LaA103 

CeAlOg 

lldAlOg 

Area-cm.^ 

0.101 

0.077 

0.1Q5 

Thickness-on. 

0.0470 

0.0724 

0.0318 

Ro sis tanoe -ohms 

4.70x1 010 

2.1xl07 

2.02x10 

Reals  tivi ty-ohm-om. 

10. 2x1 O10 

2.25xl07 

6.67xlO; 

A sample  calculation  follows,  using  the  relation 
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where  R ■ resistance 

& * resistivity 
1 ■ thickness 
A « area 

4.78  X iO10  - <r  hl&I0) 

* 10,2  x 10^®  oha-cn. 

C,  Discussion 

On  a basis  of  the  measurements  of  dieleotric  constant,  it  is 
apparent  that  the  crystals,  at  least  over  the  temperature  range 
investigated,  are  not  ferroelectric,  A ferroelectric  material  is 
one  thlch  possesses  a spontaneous  polarisation,  shows  nonlinearity 
of  dielectric  constant  vs.  temperature,  and  has  a Curie  point. 
Probably  the  best  known  ferroelectric  is  3aTi0^  in  its  tetragonal 
modification. 

The  conditions  for  a ferroelectric  are  quantitatively 
established  for  On  heating  the  tetragonal  form  through 

120°C,  l,e,  the  Curie  point,  the  dielectric  constant  increases  froo 
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approximately  300  at  80°,  to  500  at  100°,  and  to  10,000  at  120°C, 
Abovo  120°C,  the  dielectric  constant  declines  almost  as  stoeply. 

The  spontaneous  polarisation  (displacement  of  the  Ti^+  ion)  shows 
a like  precipitous  change,  decreasing  to  zoro  above  120°C,  It 
is  obvious  that  the  upontaneous  polarization  should  be  zero  above 
the  Curie  point,  for  the  tetragonal  BaTiO^  then  becomes  oubic. 

Jlnce  I4AIO3  has  been  shown  to  be  cubic,  it  would  not  be  expected 
to  be  ferroelectric.  The  similarity  of  dieleotric  oonatant  data 
indicates  that  the  cerium  and  neodymium  alxsninates  are  also  not 
ferroelectric. 
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X . DISCUSSION  OP  RESULTS 

The  ohoioe  of  the  nethod  of  cry  a tel  growth  proved  to  be 
suitable  in  all  respects.  Having  prepared  food  materials  embodying 
optimum  characteristics , single  crystals  of  LaAlO^,  CoAlO^,  and 
NdAlO^  wore  grown  of  size  and  quality  suitable  for  all  the 
measurements  undertaken. 

Results  obtained  from  many  of  the  measurements  were  roughly 
predictable  on  a crystallochomical  basis.  The  compounds  examined 
aro  of  similar  structure,  differing  only  in  the  rare  earth  element 
present.  This  difference  is  manifested  by  a decreasing  interionic 
distanco  in  the  crystal  lattice  with  increasing  atomic  number  of  the 
rare  earth  ion.  Starting  with  lanthanum  of  ionic  radius  1,22  A, 
tne  crystal  unit  cell  has  an  edge  length  of  3,774  A,  Upon  replacing 
lanthanum  with  cerium,  (ionic  radius  of  1.18A),  the  cell  edgo 
decreases  to  3,746  A,  further  replacement  by  noodymxum  of  ionic 
radius  1,15  A gives  a coll  edge  of  3,733  A, 

As  a consequence,  the  density  of  the  crystals  increased 
successively  from  6.53  for  the  LaAlO^  to  6,72  and  7.02  for  the 
CeAlO^  and  NdAlO^  respectively. 

Similarly,  by  Increasing  the  number  of  highly  refractlvo 
oxygen  ions  per  unit  volume,  the  effect  can  be  observed  in  the 
refractive  index.  Values  of  the  refractive  Index  for  the  mercury 
green  line  were  found  to  increase  from  2,068  in  lanthanum  aluminate 
to  2,079  in  tho  neodymium  aluminate,  the  more  dense  crystal , 

« shortening  of  distances  in  ionic  crystals  produces  an 
increase  in  the  stability  of  the  crystal,  Tharofore,  any  property 
which  is  dopondont  upon  the  stability  of  the  crystal  (molting  point, 
for  example)  is  directly  influenced  by  tho  also  and  valence  of  the 
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lattice  ions.  Since  the  valsnco  of  the  rare  oarth  ions  remains 
constant,  any  change  in  tho  above  montlonod  property  is  due 
basically  to  tho  changing  ion  si7o . Tho  oxperlmontal  results 
desoribod  in  the  sections  on  Kelting  Foint  and  Thermal  Expansion 
may  bo  citod  as  supporting  these  statements.  The  melting  point 
of  LaAlOg,  i.o.  involving  tho  largost  rare  earth  ion  is  1917°C;  upon 
substituting  tho  smaller  cerium  ion  for  lanthanum,  the  melting  point 
was  incroased  to  2017°C.  A still  further  substitution  of  neodymium 
for  lanthanum  produced  an  increase  in  the  melting  point  to  2055°C. 

Similar  concepts  to  the  above  could  be  e^loyed  In  part  in 
examining  the  thermal  oxpansion  data.  As  mentioned  previously,  the 
stability  of  the  crystal  is  increased  by  replacing  the  larger 
lanthanum  ion  with  neodymium,  as  s result,  the  mean  coefficient 
of  thermal  expansion  of  LaAlOg  (10.7  x 10"^°C)  is  greater  than 
that  of  the  NdAlO}  (9.7  x 10“^//oC).  The  break  in  the  thermal 
expansion  curve  of  CeA103,  evidently  a second  order  transition, 
merits  further  discussion. 

A differential  thermal  analysis  examination  had  been  made  in 
an  effort  to  learn  more  about  the  nature  of  the  change.  There  was 
no  heat  effeot  evident  indicating  that  if  a new  form  came  into 
existence  Its  thermal  properties  were  the  same  as  those  of  the  room 
temperature  form.  The  X-ray  result  s , previously  described,  obtained 
at  the  higher  temperature  wore  also  suoh  that  no  differentiation 
could  bo  made  between  the  two  forms.  The  X-ray  apparatus  erployed, 
however,  was  that  which  indicated  that  all  tho  investigated  orystale 
were  cubic.  A more  precise  X-r&y  unit  working  at  the  appropriate 
temperature  would  doubtless  throw  more  light  on  tho  situation. 
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The  well  known  aoeotral  transmittance  curve  of  neodymitm- 
bearing  glass  is  contained  in  the  absorption  bands  shown  by  NdAlO^, 
Hie  transmit  tanoe  of  the  lanthanum  and  cerium  alumina  tea,  on  the 
other  hand  does  not  possess  the  fine  structure  and  absorption  bands 
generally  associated  with  rare  earths.  Nevertheless,  a fine 
structure  does  exist,  though  much  weaker  and  present  to  a lesser 
extent  than  that  of  NclAlO^.  This  structure  appears  in  the 
lanthanum  compound  in  the  red,  while  in  C0AIO3  in  the  green  region 
of  the  spectrum  thero  is  an  indication  of  the  rare  earth  nature 
of  the  crystals. 

The  presence  of  the  previously  mentioned  second  order 
transition  in  CeAlO^  was  viewed  with  web  interost,  for  the  onset 
of  ferroelec tricity  is  marked  by  just  such  a condition.  Though  no 
thermal  effects  could  be  observed  by  means  of  thermal  analysis, 
the  change  in  heat  capacity  at  the  Curio  point  of  DaTiO^  ia  of  the 
order  of  3 x 10~^  cal/g°C.  This  very  small  chango  could  easily 
have  been  overloolcod  or  unrosolvod  on  tho  differential  equipment 
used.  For  these  reasons,  the  results  of  dielectric  measurements 
wero  eagerly  awaited.  The  dielectric  constants  as  reported,  range 
between  20  and  28,  and  aro  of  a magnitude)  displayed  by  many 
substancos.  It  would  appear,  then,  that  the  crystals  are  not 
ferroelectric,  in  spite  of  the  marie  d similarities  to  BaTlO^  with 
respect  to  a second-order  transition  (possible  Curie  point)  and 
tetragooality  of  its  perovskito  structure. 

In  the  crystals  examined,  LaAl  with  tho  highest  resistivity 
(10.2  x 1010  oha-cm)  has  the  lowest  change  in  loss  between  25  and 
2$C°C  (from  0.058  to  0.15).  On  the  other  hand,  CeAlOj  with  a 
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resistivity  of  2.1  x 107  ohn-cn  has  a lots  change  of  0.50  to  41*5* 
Neodymium  aluminate  hoa  intermediate  raluot  of  2.02  x 10^®  ohm- cm 
and  a lots  change  of  0.035  to  0.25.  Though  the  resistivity  is 
referred  to  D.C.,  it  appears  that  the  conductivity  mechanism  is 
oloeely  linked  to  that  producing  the  loss  with  increasing 
temperature . Loss  and  rosistivity  data  indicate  seme  correlation 
of  this  sort. 

XI.  CONCLUSIONS 

1.  Single  crystals  of  LaAlO^,  C0AIO3,  and  NdA103  were  grown 
successfully  using  the  Vemeuil  techniquo. 

2.  Substitution  of  cerium  and  neodymium  for  lanthanum 
disturbed  the  cubic  nature  of  the  lattor  alumina te  and  produood 
tetragonal  structures,  which  novortholoss  retainod  the  porovskite 
form. 

3.  The  molar  volume  of  the  alumina  tea  deoreasod  upon 
substituting  cerium  for  lanthanum  or  neodymium  for  cerium, 

4.  Density,  refractive  index,  and  melting  point  of  the 
crystals  incroased  with  increasing  atomic  number  of  the  rare  earth 
ion. 

5.  The  thermal  expansion  of  CeAlO^  displays  what  appears  to 
to  a second-order  transition. 

6.  -spectral  transmittance  curves  of  the  rare  earth 
alumlnates  possess,  in  varying  degroe,  fine  structure  typical  of 
"are  earth  spectra. 

7.  On  the  basis  of  the  electrical  data,  tho  investigated 
compounds  are  apparently  not  forroelectric. 

S.  The  mechanism  producing  loss  in  tho  crystals  appears  to 
be  associated  with  conductivity. 
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